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Office of Pollution Prevention and Toxics
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401 M Street., S.W.
Washington, D.C. 20460
Atin: Section 8(e) Coordinator (CAP Agreement)

Dear Coordinator:

8ECAP-0025

On behalf of the Regulatee and pursuant to Unit II B.1.b. and Unit II C of the
6/28/91CAP Agreement, E.l. Du Pon: de Nemours and Co. hereby submits (in triplicate) the
attached studies. Submission of this information is voluntary and is occasioned by unilateral
changes in EPA's standard as to what EPA now considers as reportable information.
Regulatee's submission of information is made solely in response to the new EPA §8(e)
reporting standards and is not an admission: (1) of TSCA violation or Liability; (2) that
Regulatee's activities with the study compounds reasonably support a conclusion of substantial
health or environmental risk or (3) that the studies themselves reasonably support a conclusion
of substantial health or environmental risk.

The **Reporting Guide™ creates new TSCA 8(e) reporting criteria which were not
previously announced by EPA in its 1978 Statement of Interpretation and Enforcement Policy,
43 Fed Reg 11110 (March 16, 1978). The *'Reporting Guide states criteria which expands
upon and conflicts with the 1978 Statement of Interpretation. Absent amendment of the
Statement of Interpretation, the informal issuance of the **Reporting Guide™ raises significant
due processes issues and clouds the appropriate reporting standard by which regulated persons
can assure TSCA Section 8(e) comnliance.
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- Counsel
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ATTACHMENT 1

Submission of information is made under the 6/28/91 CAP Agreement,
Unit II. This submission is made voluntarily and is occasioned by recent
changes in EPA's TSCA §8(e) reporting standard; such changes made, for
the first time in 1991 and 1992 without prior notice and in violation of
Regulatee's constitutional due process rights. Regulatee's submission of
information under this changed standard is not a waiver of its due process
rights; an admissiorn of TSCA violation or liability, or an admission that
Regulatee's activities with the study compounds reasonably support a
conclusion of substantial risk to health or to the environment. Regulatee has
historically relied in good faith vpon the 1978 Statement of Interpretation and
Enforcement Policy criteria for determining whether study ir. srmation is
reportable under TSCA §8(e), 43 Fed Reg 11110 (March 16, i978). EPA

has not, to date, amended this Statement of Interpretation.

After CAP registration, EPA provided the Regulatee the
June 1, 1991 "TSCA Section 8(e) Reporting Guide". This "Guide" has been
further amended by EPA, EPA letter, April 10, 1992. EPA has not indicated
that the "Reporting Guide" or the April 1992 amendment supersedes the
1978 Statement of Interpretation. The "Reporting Guide" and April 1992
amendment substantively lowers the Statement of Interpretation 's TSCA

§8(e) reporting standard?. This is particularly troublesome as the "Reporting
Guide" states criteria, applied retroactively, which expands upon and
conflicts with the Statement of Interpretation.> Absent amendment of the

Statement of Interpretation, the informal issuance of the "Reporting Guide"
and the April 1992 ainendment clouds the appropriate standard by which

regulated persons must assess informatioa for purposes of TSCA §8(e).

21n sharp contrast to the Agency's 1977 and 1978 actions to soliciting public comment on the proposed
and final §8(e) Policy, EPA has unilaterally pronounced §8(¢) substantive reporting criteria in the 1991
Section 8(e) Guide without public notice and comment, See 42 Fed Reg 45362 (9/9/77), "Notification of
Substantial Risk under Section 8(e): Proposed Guidance",

3A comparison of the 1978 Statement of Interpretation and the 1992 "Reporting Guide” is a appended.




Throughout the CAP, EPA has mischaracterized the 1991 guidance as
reflecting "lc 1gstanding” EPA policy concerning the standards by which
toxicity information should be reviewed for purposes of §8(e) compiiance.
Regulatee recognizes that experience wit the 1978 Statement of
Interpretation may cause a review of its criteri. Reguls tee supports and bas
no objection to the Agency's amending reporting criteria provided that such
amendment is not applied to the regulated community in an unfair way.
However, with the unilateral announcement of the CAP under the auspices of
an OCM enforcement proceeding, EPA has wrought a terrific unfairness
since mach of the criteria EPA has espoused in the June 1991 Reporting
Guide and in the Agency's April 2, 1992 amendment is new criteria which

does not.exist in the 1978 Statement of Interpretation and Enforcement
Policy.

Tiie following examples of new criteria contained in the "Reporting

Guide" that is not contained in the Statement of Interpretation follow:

o even though EPA expressly disclaims each "swatus report” as being preliminary
evaluations that should pot be regarded as final EPA policy or intent?, the "Reporting
Guide" gives the "status reports” great weight as "sound and adequate basis" from
which to determine mandatory reporting obligations. ("Guide" at page 20).

o the "Reporting Guide” contains a matrix that establishes new numerical reporting
"cutoff™ concentrations for acute lethality information ("Guide" at p. 31). Neither
this matrix nor the cutoff values therem are contained in the Statement of
Interpretation. The regulsted community was not made aware of these cutoff values
prior to issuance of the "Reporting Guide” in June, 1991.

othe "Reporting Guide" states new specific definitional criteria with which the Agency,
for the first ime, defines as 'distinguishable ncurotoxicological effects'; such

criteria/guidance not expressed in the 1978 Smmmmgf_lnmpmuugn,

othe "Reporting Cuide” provides new review/ reporting criteria for irritation and
sensitization studies; such criteria nol previously found in the 1978 Statement of
i : Policy.
othe "Reporting Guide" publicizes certain EPA Q/A criteria issued to the Monsanto
Co. in 1989 which are not in the Statement of Interpretation: have never been
published in the Federal Register or distributed by the EPA to the Regulatee. Such
Q/A establishes new reporting criteria not previously found in the 1978 Statement of

“The 'status reports’ address the significance, if any, of particular information reported to the Agency,
rather than stating EPA's interpretation of §8(e) reporting criteria. In the infrequent instunces in which the
status reports contain discussion of reportability, the analysis is invariably quite limited, without
substantial supporting scientific or legal ratonale.

5 See, e.g, 10/2/91 letter from Du Poat to EPA regarding the definition of 'serious and prolonged
effects' as this term may relate to transient anesthetic effects observed at lethal levels; 10/1/91 letter from
the American Petroleum Institute to EPA regarding clarification of the Reporting Guide criteria.




In discharging its responsibilities, an administrative agency must give
the regulated community fair and adequate warning to as
what constitutes noncompliance for which penalties may be assessed.

Among the myrind spplications of the due process clause is the fundamenta! principle
that statutes and regulations which purport to govern conduct must give an adequate
warning cf what they command or forbid.... Even a regulation which governs
purel conomic or commercial activities, if its violation can engender penalties,
must _e so framed as to provide a constitutionally adequate warning to those whose
activities are governed.,

Diebold, Inc. v. Marshall, 585 F.2d 1327, 1335-36 (D.C. Cir. 1978). See
also, Rollins Environemntal Services (NJ) Inc. v, U.S. Environmental
Protection Agency, 937 F. 2d 649 (D.C. Cir. 1991).

While neither the are miles, Thi _ inciple has been applied to hold
that agency 'clarification’, such as the Statement of Interpretation, the
"Reporting Guide" nor the April 1992 amendments will not applied
retroactively.

...a federal court will not retroactively apply an unforeseeable interpretation of an
administrative regulation to the detriment of a regulated party on the theory that the
post hoc interpretation asserted by the Agency is generally consistent with the
policies underlying the Agency's regulatory program, when the semantic meaning of
the regulations, as previously drafted and construed by the appropriate agency, does
not support the interpretation which that agency urges upon the court.

Standard Qil Co. v. Federal Energy Administration, 453 F. Supp. 203, 240
(N.D. Ohio 1978), aff'd sub nom. Standard Oil Co. v. Department of
Energy, 596 F.2d 1029 (Em. App. 1978):

The 1978 Statement of Interpretation does not provide adecuate notice
of, and indeed conflicts with, the Agency's current position at §3(2) requires
reporting of all 'positive' toxicological findings without
regard to an assessment of their relevance to human health. In accordance
with the statute, EPA's 1978 Statement of Interpretation requires the
regulated community to use scientific judgment to evaluate the significance of
toxicological findings and to determining whether they reasonably support a
conclusion of a substantial risk. Part V of the Statement of Interpretation

urges persons to consider "the fact or probability” of an effect's occurrence.
Similarly, the 1978 Statement of Interpretation stresses that an animal study
is reportable only when "it contains reliable evidence ascribing the effect to
the chemical." 43 Fed Reg. at 11112, Moreover, EPA's Statemeant of
Interpretation defines the substantiality of risk as a function of both the
seriousness of the effect and the probability of its occurrence. 43 Fed Reg
11110 (1978). Earlier Agency interpretation also emphasized the
"substantial” nature of a §8(e) determination. See 42 Fed Reg 45362, 45363




(1977). [Section 8(¢) findings require "extraordinary exposure to a chemical
substance...which critically imperil human health or tie environment"].

The recently issued "Reporting Guide" and April 1992 Amendment
guidance requires reporting beyond and inconsisient
with that required by the Statemen: of Interpretation. Given the statute and
the Statement of Interpretation's explicit focus on substantial human or

environmental risk, whether a substance poses a "substantial risk" of injury
requires the application of scientific judgment to the available data on a case-
by-case basis.

If an overall weigh‘{-of-evidence analysis indicates that this
classification is unwarranted, reporting should be unnecessary under §8(e)
because the available data will not "reasonably support the conclusion” that
the chemical presents a substantial risk of serious adverse consequences to
human health.

Neither the legislative history of §8(e) nor the plain meaning of the
statute support EPA's recent lowering of the reporting threshold that TSCA
§8(e) was intended to be a sweeping information gathering mechanism. In
introducing the new version of the toxic substances legislation,
Representative Eckhart included for the record discussion of the specific
changes from the version of H. R. 10318 reported by the Consumer
Protection and Finance Subcommittee in December 1975. One of these
changes was to modify the standard for reporting under §8(e). The standard
in the House version was changed from "causes or contributes to an
unreasonable risk" to "causes or significantly contributes to a substantial
risk". This particular change was one of several made in TSCA §8 to avoid
placing an undue burden on the regulated community. The final changes to
focus the scope of Section 8(e) were made in the version reporied by the
Conference Committee.

The word "substantial" means "considerable in importance, value,
degree, amount or extent”, Therefore, as generally understood, a
"substantia! risk" is one which will affect a considerable number of people or
portion of the environment, will cause serious injury and is based on
reasonably sound scientific analysis or data. Support for the interpretation
can be found in a similar provision in the Consumer Product Safety Act.
Section 15 of the CPSA defines a "substantial product hazard" to be:

"a product defect which because of the pattern
of defect, the number of defective products
distributed in commerce, the severity of the
risk, or otherwise, creates a substantial risk
of injury to the public."”




Similarly, EPA has interpreted the word 'substantial’ as a quantitative
measurement. Thus, a 'substantial risk' is a risk that can be quantified, See,
56 Fed Reg 32292, 32297 (7/15/91). Finally, since information pertinent to
the exposure of humans or the environment to rhemical substances or
mixtures may be obtained by EPA through Sections 8(a) and 8(d) regardless
of the degree of potential risk, §8(e) has specialized function. Consequently,
information subject to §8(e) reporting should be of a type which would lead a
reasonable man to conclude that some type action was required immediately
to prevent injury to health or the environment.




Attachment

Comparison:

Reporting triggers found in the 1978 "Statement of Interpretation/ Enforcement
Policy",43 Fed Reg 11110 (3/16/78) and the June 1991 Section 8(e) Guide.

TEST TYPE 1978 POLICY New 1991 GUIDE

ACUTE LETHALITY
Oral
Dermal
Inhalation (Vapors)
aerosol
dusts/ particles
SKIN IPRITATION
SKIN SENSITIZATION (ANIMALS)
EYE IRRITATION
SUBCHRONIC
(ORAL/DERMAL/INHALA’I ION)
REPRODUCTION STUDY

DEVELOPMENTAL TOX y!3 yl4

643 Fed Reg at 11114, comment 14:
"This pclicy staternents directs the reporitng of specifiec effocts when unknown to the
Administrator. Many routine tests are based on a knowledge of toxicity associated with a
chemicalL unknown effects occnrring during such a range test may have to be reported if
they are those of concern tot he Agency and if the information meets the criteria set forth in
Parts V and VII."

"Quidg at pp.22, 29-31.

8Guide at pp-34-36.

9Guide at pp-34-36.

10Guide at pp-34-36.

1 Gyide at pp-22; 36-37.

12Guide at pp-22

1343 Fed Reg at 11112
"Birth Defects” listed.

14Guide at pp-22




NEUROTOXICITY
CARCINOGENICITY
MUTAGENICITY

In Vitro
In Vivo

ENVIRONMENTAL
Bioaccumulation
Bioconcentration
Oct/water Part. Coeff.
Acute Fish

Acute Daphnia
Subchronic Fish

Subchronic Daphnia

Chronic Fish

AVIAN

Acute
Reproductive
Reprodcutive

15Guide at pp-23; 33-24.
1643 Fed Reg at 11112
“Cancer" listed
17Guide at pp-21.
1843 Fed Reg at 11112; 11115 at Comment 15
"Mutagenicity " listed/ in vivo vs invitro discussed; discussion of "Ames test",
19Guide at pp-23.
2043 Fed Reg ai 11112; 11115 at Comment 16.




CAS# 584-84-9; 9016-87-9
Chem: (1) toluene 2,4-diic _yanate;
(2) polymethylene polyphenylisocyanate;
(3) 4,4-methylene bis cyclohexylisocyanate
Title: Immunopathologicl features of isocyanate compounds
Date: 4/16/74
Summary of Effects: TDI exposed guinea pigs ievealed permanent
exudate consisting mainly of polymorphonuclear leucocytes
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IMMUNOPATHOLOGICAL FEATURES OF ISOCYANATE COMPOUNDS

Haskell laboratory Report No. 249-7h

Medical Research Project No. 10-C=5

The aerosol exposure and measurements of airway resistance
werc performed by Miss Rhods M. Brown under the direction of
Dr. Franklin D. Grifrith., The passive cutaneous anaphylaxis and gel
diffusion tests were carrled out by Mr. Francis L. Ulmer and
Mr, Willliam I, Swan vnder the direction of Dr. Ki Poong Lee., (Gross
putholovy wags carrieu out by Mr, August H. Stenholm, Mr, William T. Swan
and Mr. Francis L. Ulmer under the supervision of Dr. Rudolf Culik
and Dr, James U, Aftosmis, Mj-roscopic slides were prepared by
Mrs. Jean A, Hostetler, Mr. Anchony T. Dilorenzo and Mrs, Joan A. Dimeler
under the direction of Dr. K! Poong Lee. Histopathologic evaluation
of the tissues was conducted by Dr, Ki Poong lee,.




IMMUNOPATHOLOGICAL FEATURES OF ISOCYANATE COMPOUNDS

Haskell Iaboratory Keport No. 249-7k

Medical Research Project No, 10-C-5

SUMMARY

The causal relationship between airway resistance and
pathological changes, as well as immunoiogical response, was examined
for guinea pigs following consecutive aerosol exposure to toluene 2,4-
diisocyanate (TDI)) methylenebisphenyl isocyanate (MDI),”poly-
methylene polyphcnynsoc&-nmte (PAPI®*) *and h,4-methylenebiscyclo-
hexyl isocyanate (Hylene® W). Serum antibodies were detected by
pagsive cutaneous anaphylaxis (PCA) test in the sera from guinea pigs
exposed to TDI but other isocyanates failed to produce positive results
when tested at lower concentrations. Significant elevation of airway
resistance in response to a single challenge exposure to TDI was obtained
after consecutive sensitization exponsures, suggenting an asthma-like
response., Challenge to PAPI® produced slight airway resistance; other
isocyanates failed to elicit airway resistonce following challenge at
lower cor.centiations., Guinea pigs exposed to TDI revealed prominent
exudate consisting mainly of PMN (polymorphrmnuclear) leucocytes in the
airways and it superimposed to obliterative bronchiolitis. Prominent
obliterative bronchiolitis with precipitate of inhaled material was
found in the guinea pigs exposed to PAPI®, Other isocyanates induced
slight tracheobronchitis.

v iy

# Registered tmdemark of Upjohn Company for polymethylene polyphenyl-
lsocynnate,
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IMMUNOPATHOLOGICAL FEATURES OF ISOCYANATE COMPOUNDS

Haskell laboratory Report No. 249-7

lledical Research Project No. 10-C-%

INTRODUCTION

Isocyanates arce widely used today in the production of polyurethane
foam, paints, lacquers, adhesives, and insulating materials, Zapp described
in detail the toxicological and industrial :cpects of isocyanates (7F).
Isocyanate vapor, which is liberated during the production of these products,
has been known to cause irritation of skin, mucous membranes of tle con-
Junctiva, and respiratory tracts of animals and humans (10, *2, h3, 7%),

In addition, there were reports iidicating ext-insic asthma-like reactions
in wecrkers who were exposed repeatedly to low concentrations of these
compounds (34, 65, €9, 75). respiratory hypersensitivity creates a serious
problem among workers because hypersensitive persons become unable to work,
Cumulative effects of toluene 2,L'-dlisocyanate (TDI) on the lung and
decreasad pulmonary function were found among symptomatic and asymptomatic
workers (56, 59),

Important questions have not been fully explained for many years as
to whether asthmatic symptome and pulmonary lesions resulting from isocyanate
exposure were related to immunological reactions or to direct chemical irri-
tation. The purpose of this study is an attempt to determine immunogenicity
as well as cross-antigenicity of isocyanates, and furthermore, cii.al re=
lationships between pathological changes of the lung and immunological
'=3ponse.

MATERIALS AND METHODS

Aerosol Exposure

After a series of inhalation tests for guinea pigs with various
concentrations of the isocyanates to determine toleruble concentrations
for consecutive sensitization exposures, %0 male albino guinea pigs were
divided into llve equal groups and exposed as follows:

Group 1 = Served ar ~control snd exposed to air,
Group 2 - Exposed to TDI at an average of (0.7 ug/L during

sensltization and 9.3 ug/L for a single challenge
exposure,
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MATERIALS AND METHODS (Continued)
..erosol Exposure (Continued)

Group 3 = Exponed to an average of ..6’ .g/L or polyethylene-
polyphenylisocyanate (PAPL%*) during sensitization
and 1,60 ug/L for a single challenge exposure,

Croup I = Expooed to an average of C.9 .g/L of methylencbisphenyl
{socyanate (MDI) during sensitization and 2.5 ug/L for a
single challenge exposure,

Group 5 = lixpose! to mn average of (.70 ..g{L of li,i=methylenabis=
cyclohexyl isocyanate (Hylene® W) as the sensitizing
exposure and 1,70 .g/L for a single challenge cxposurc,

Tsocyanate aerosols were cb’.ined by heating at 75=170°C in an
apparatus as shown in Figure 1, Dry house-air was metered into a rounis=
bottomed fleak containing the isocyanate through a stainless stecel nebullzer,
The aeroesol passed through a glass side-arm delivery tube with un alr
dilution port into an 18=1iter bell jar which was used as an exposure
chamber, Samples of the chamber atmocphere were taken at least three tines
during each exposure and analyzed by using the colorimetric method (%7, hy),
An sensitizing e<posures, one group of clix guinea pigs wers ~xposed to each
imocyanate four hours per day for five days, Subsequently, t./o weeks after
the last scensitizing exposure, the guinea pigs recelved a single challenge
uxpusure for four hours, Three animals were sacrificed immedintely after
the challenge exposure wnd another three animals were hilled seven days
luter for pathologlcal examination, Rlood was collected fru: the heart at
the time of (he sacrifice in order to obtain anti-isocyanate immune serums
for PCA and the geol diffusion test, Lungs were fixed by infusion with
Pouin's solution and prepared for microscopic slides,

[ASSIVE CUTANEOUS ANAMIYLAXIS (1CA)

Methods based on a report of Ovary were used (51). A series of
Litrtion teatn wore performed on the skin of guinea pigs using various
concentrations of the isocymnate compounds in oider to determmine proper
concentmulions for u challoende dose and to avold non-specific reaction,
8ix test sites were preupnred on the dorsal surface of the skin of a guinea
pld, after shaving the fur ™h hours prior to intradermal injection of the
untisera, Guinea pips were punoively sensitized by intradermal injection
with 0.1 ml of antlsera, After a latent period of 2 hours, 0.5 to 1 ml of 17
Fynn's  blue dye 1n anline wan injected intracarmially and then 0,5 ml of 17
T, 17 MDT, 1. PAPT and 0,11 Ilylene®™ W in dioxane were applied topically
on the sites injected with the antisera, The site injected with TDI
antiserwn was used as n poeitllive control and normal serum was used as a
negntive control. Almro, siter where isocyanate alone was applied were
uned as negative controln. Tn addition to guinea pig anti-isocyanate sem,
humin sern from five subjecta, clinically suspected to be hypersensilLive
Lo 'I'DI, werc subjected to thin teot,

* Reglstered trudennrk of Upjoln Company for polymethylene polyphenyl=
lnocynnate,




DMUNIZATION

In order to obtain ‘mmne antisera for isocyanates, one group of
rabbite and guinea pigs were immunized by daily topical skin application
with 0,5 ml of 1§ isocyanate in dioxane to the shaved back for two weeks,
Another group of animals received intramuscular injections for 10 days
with 0,” ml of isocyanate antigen which wus prepared by mixing 1 ml of 10%
isocysnaten wiiii 10 ml of incomplete Freund's adjuvent,

GEL=DIFFUSION TEST

The gel-diffusion test was based on the procedures described by
Ouchterlony (50) and Lee and OYson {4O). TDI-bovine serum wibumin (BSA)
conjugate was prepared by a modification of Campbell (16),

PULMONARY FUNCTION TEST

Alrway resistance was measured by a modification of the method
described by Amdur and Mead (1),

RESULTS

Clinica)l Observation

During sensitization and challenge exposura %o TDI, the guinea pigs
revealed respiratory difficulty, i.e,,mouth breathing, or gasping for air,
The animals also showed general discomfort cuch as hyperemic ears, hyper-
activity with subsequent depression, lacrimation, nasal dlscharge, cyanosis
and inocoordination., In comparison with the TDI exposures, animals exposed
to MDI, PAPI® and Hylene® w developad mild respiratory distress, hyper-
activity and ear hyperemia. At the beginning of each exposure, the control
group was excited and then became restless throuthout the exposure period,
The blood cell count revealed normal limits of eosinophil number, but heterophil
number was increased moderately in all of the unimals following exposure to
the isooymnates,

Airwvay Roalstance

e results of the airway resistance measurements during the control,
sensitirntion, recovery, and challenge expcsures with the four isocyanates
are {llustrated in Flgure " and Table I. The average of the measurements
made on the control animals was used as the control baseline for comparing
each group's response, During thie sonsitization period. the animals exposed
to TNI developed steep stepwise increases in airway resistance and attained
values approximately three times higher than the baseline levels. In the
case of PAPI® and Hylene™ W, small Lut statietically significant increases in
airvay resistance were yecognized during sensitization, while aninmals exposed
to MDI wore within the baseline levels. In the recovery period, airway
resiatance of animals exposed to TDI decreased gradually and returned to base=-
line levwla, In contrast, animals exposed to the other isocyanates returned
to within baseline levels after a short period of time, Aftera single challenge
exposure, Lhe airway resistance increased abruptly in the animals exposed to
TDI, while animals exposed to PAPT" oshowed a slight increase in the airway
reslotance. llowever, animals exposed to MPT and Hylene™ W did not produce
any statintically significant increase in airway resistance,
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RESULTS (Continued)

Pagsive Cutaneous Anaphylaxis (PCA) Reaction

The results of cross senasitization are oummarized in Table II. The
guinea plys sensitized with TDI antisera showed positive reactions, while
other i{socyanates failed to elicit the PCA reaction {Fig. "). There were no
cross sensitlizatlon reactions between TDI and the other isocyanates (Fig.l’-17),

The sensitivity of reaction with TDI was not precisely equal in
sensitized areas of the skin, The anterior dorsal skin and near the
midline revealed rnlear-cut blue spots, The lateral skin showed comewhat
more diffuse coloration. The most intense coloration was obtained in the
nuchal skin, whereas caudal skin revealed less coloration, When 0,1 ml of
1Y TDI in dioxane was injected intradermally as the challenge dose, the
contral portion of the injection sites exhibited yellowiah=-white spots due
to necrosis, and blue coloration developed around the necrotic spots. However,
topicnl skin application with the challenge dose did not causc any necrosia
v developed strong uniform blue spots, Positive reactions appeared within
thr+<a minutes after challenge and reached maximum intensity within 15 minutes.
mbsaquently, the blue spots faded gradually, but a faint trace of blue color
wad 8t111 recognized I8 hours after the challenge,

ol Pifiusion Test

The undiluted antisera from a group of guinea pigs which were sensi=-
tized by serosol exposure with four isocynnates were tested, In addition,
antisera from other groups of rabbits and guinea pigs immunized Ly intra-
muacular injection with Freund's adjuvunt or topical shin application were
diffused on micro-OQuchterlony slidas against TNI=BSA antigen or 1% solution
of four different isocyanates in dioxane, Precipitin line did not form in
any of the gel diffusion tests using different combinations of the antigens
and antiser,

Pathology of Skin

nronnly, irrcgular-chaped blue spots were found on the cutaneous
surface ol' the reacticn aites, and the subcutaneous tissue wao secverely
edematous, welatinous in appearance and tinged with blue dye coloration,
The siten which were injected with LI~ control cern and challenced by the
inocyanaten revealed a slight polymorphonuclear (PMN) leucocytic infiltration,
cupecially around the perivascular arcan of the dermin, the fibrous septa
ol udlpose Lissue and Interstitial tinsoue of the muscle, 'he sites that
were senaitized with TDI antisera and challenged by TDI exhliblted prominent
leucostasls and leucodiapedesis with cdema in the aubcutancous tlssue (Fig, '),
There were large accumulations of HMN lencocytes in the flbrous septa between
the subrutaneous fat lobules and interstitial tiasaue of the muacle (Fig. ).
After O’ hours post-challenge, the number ~f' PMN leucocytes and edema
decrennsed markedily and was gradually replaced by lymphocytes and monocytes,
The aites which were sensitized wiLh wller lsocynnates and challenged by
corresponding isocyanates or crogs=-chnllenged by TPT revealed a similar
tinnue renction as observed at the control sites,
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RESULTS (Continuvd

Pathoiogv of lung

TDT Expogure

The cuperficial cells of the air passages were necrotic and partially
slrughed off but rarely extended into the smooth muszcle of the bronchial tree,
The remaining epithelium showed hyperplasia and hyperactivity of the mucous
secretion. Moat of the alr passages were filled with mucinous or fibrinous
exudate whirh contained predominently PMN leucocytes, desquamated e¢pithelial
cellc and a few round cells (Fig. ()., Some bronchiolar lumina were obliterated
by mural polypold protrusions with inflammatory exudate forming crescent-like
air passagos, In a few severely damnged bronchioles, the lumen was almost
completely obliterated by granulomatous tissue which wac formed by orgarnizing
exudate leaving a slit-like space between the epithelium and the intraluminal
polypoid mass, The submucosa of the trachea and large bronchi was swollen
and infiltrated by PMN leucocytes and round cells, The small bronchi and
brunchioles wero cuffed predominently with lymphocytes, plasma cells,
monocytca and ™N leucocyter, The {nflammatory rea.tion vas conflined sharpl~
to peribronchial or paribronchiolar areas.

PAPT™ Exposurw

The air parnages and alveolar n ~ponse to PAPI® were buslcally similar
‘o those of TDI, In contmat to TDI, PAPT" did not produce prominent acute
inflummatory exudate nnd mucus in the air pacsages (Fig., 7). Inhaled PAPI®
wa" readlly rocopnized as minute droplets o1 as linear preciritate on the
eplthelium of Lho nir pncsages c=using necrosis and obliterative bronchiolitis
(Fig. 8). Tho precipitats was slightl birefringent under polarized microscopic
examination, Pale y«llow refractile droplets, ranging in size from 1 to 5u
in diameteor, were found mainly in desquamated opithelial cells, superficial
cpithelium of the air pnsoagec, alveolar macrophages, and alveolar septal
cellr (Fig. 9), The epithelial regnneration and organizing exudate became
more pronounced on the seventh day post-exposure,

MDI_Exposure

Moot ufl Lhe air panssages appearcd to be normal. A few bronchial trees
showed desqummablion of guperficlal epithelium and epithellal regeneration
(Fig, 10), In comparimon with other isocyanatca, damage of alr passages was
very mild, and oblitemtive bronchiolitis was not encountered.

llylene™ W Exposure

Tn npite of epithelinl damnpe of Lhe puosagen, only n nerligible
unmount of' ncute Inflammatory exudote was found within the lumen and no
ohliterntive hronchlolitin developed, In contrast to other isocyanates, the
epithellum of' the larpe air pnssages revealed prominent hypermicous secreting
nctivity and precipitnted material was not recognized in the brunchiml
epithelium (1 g, 11). Superficial tracheal epithelium was desquamated and
rhowed partin) aquamous metaplasia, After the neventh day poat-rhallenge, the
eplthellum ot the nlr pnnsages wao regeneratod and intraluminal exudate wus
orvanlied,

—_— —_—

Note:  Debn| 1ot pathology of lunpge io described in Pathology Reports
No, Che'f0 ml No, =71,




DISCUSSION

The guestion as to whether immunologic mechanisms are “nvolved in the
hazard of isocyanate exposures is far from settled and beckons new investi-
gative appr.uches, Also, little informaticn is avallable about cross
sensitization problems among isocyanates,

Clinical symptoms o. workers exposed to isocyanates have suggested the
possibility involving immunologically mediated hypersensitivity. However,
no concrete evidence for an immunological response to isocyanates among
workers appears to have been reported, Sensitive workers exhibited an
asthma-like response to minimal atmospheric concentration of isocyanates
which failed to provoke any pulmonary response to non-sensitized people (h8).
Those workers showing typical bronchial asthmatic symptoms frequently
developed eosinophila (10, 65, 69, 75). Previously sensitized worke.s
developed marked as*hmatic signs within a few minutes after inhaling an
insignificant amount of isocvanates (8). A relatively long latent period
between initial exposure and symptoms suggestive of sensitization has been
observed among exposed workers (A5, %59), Since normal workers revealc?
asthmatic symptoms following exposure to relatively high airborne isocyanate
concentration for a short period of time, or to moderate concentration for
a longer period (10, 75), it is difficult to distinguish by clinical symptoms
whether the asthmatic reaction to the isocyanate exposure is caused by direct
rhemiecal {irritation or by immunological hypersensitivity.

The reaction of allergi: !‘nhalation test can be divided into immediate,
latce or dual in terms cf their speed in appearing and peripheral respiratory
(allergic alveolitis) or tronchial allergic reacticn (42), Immediate reactions
are of rapid onset and begin within 10 minutes, reach a peak by 15 to 30

minutes, and resolve spontaneously within one to three hours, The mechanism
of the immediate allergic reaction in the human lung has not been clearly
Arfined, but it {a postulated that bronchial obstruction is largely attribut-
uble Lo mediators, probably histamine, SER=-A, bradykinin, serotonin and
prostaglandins (9), Release of enzymes from leucocytes may be an important
phenomenon in the late allergic reaction (13, 47). The lysosomal enzymes of
the PMN leucocytes are the source of the mediators involved in the development
of inflammation and local vasculitis (7%). Thosc workers exposed to TDI
usually responded to late allergic reaction and occasionally to irmediate
reaction,

Tmmedlate reaction occurs in the airways and causes asthma without
systematic features such as fever and leucocytosis. This may provoke a
blood cocirnophilia usually associated with immediate-type skin sensitivity
(05), The immediate asthmatic reaction correlated with reaginic skin
sensit’.<ing antibodies that have recently been identified as IgE immunoglobulins
(7 7h). In alople subjecls, Lhe fmmedlale reacllon is medlated by the IgE
antibodiecs, while in nonatopic subjects it may be due to Igih antihodies (52),

late asthmatic reactions begin between ” and 13 hours, usually between
h and “ hours after allergen inhalation. They progress Lo a maxlmum more
glowly = within one hour or over several hours and are more prolonged, usually
within ™ to 48 hours, but may last for severa) days. Their features include
febrile attacks with PMN leucocytosis, asthma and peripheral respiratory
reaction or as an asthmatic reaction in which the systemic features are less
predictable,




.

DISCUSSION (Continued)

These late asthmatlc reactions have been o' erved following the
inhalation of a variety of particles including house dust {7, 29, Uh),
grass (19), ragveed pollen (46), Bucillus subtilis enzymet ‘7i), cotton
dust (70), wood dusts (66), irds (53), plicatic acid (17), <»« aulno=-
ethanolamine (67). Close cusrelation to dual skin reactions a 1
precipitating antibodies have not been found in the inhaled p& ‘cles
Just mentioned. The late reaction with pyrexial and peripheral respiratory
reaction has been reported in patients with farm:r's lung (5), bagassosis
(26, 28), malt worker's lung (18, 62), bird fancier's lung (27, 61),
mushroom worker's lung (31) and fish-meal worker's lung (3). They were
associated with precipitating antibodies, and in malt worker's lung and
bird fancier's lung with late ' kin reaction. The precipitating anti-
bodies involved in late asthmatic reactions werc IgA, IgG, -r IgM (22).

Scheel, et al, used PC/ and gel diffusion technijues to demonstrate
specific TDI antibodies in the sera of rabbits immunized by intravenous
injection of TDI egg albumin conjugates (64), However, the possibiliLy
that the serum antibodies might be associated with the carrier protein
cannot be ruled out., Conversely, Thompson and Scheel reported negative
results in an attempt to intensify scensitivity to TDI exposure for
pertussis-treated rats and to depress sensitivity for alloxan-treated rats
(72). They suggested that the pulmonary response to TDI exposure was due to
chemical irritation rather than immune reaction (72). The serum antibodies
were demonstrated with MDI egg albumin conjugates by the PCA test using
guinea pigs and the sera from humans exposed to MDI (35). However, no
detailed information is provided in order to question whether the exposed
subjects became sensitized. Direct skin tests of apr rently sensitized
humans with TDI itself have failed to show positive reaction (68, €9).
Recently, in an attempt to demonstrate serum TDI antibodies in the sera
from humans, TDI human serum albumin (HSA) conjugates have been used as
teat antigens and utilized the following technijues: lymphocyte trans-
formation test, PCA test, Prausnitz-Klstner test (P-K test), passive
hemagglutination test, leucocytes histamine release, and the g2l diffusion
test, Of these tests, only the lymphocyte transformation test revealed
positive reaction, suggesting the presence of TDI antibodies, other tests
produced negative results (2, 8). The lymphoblast transformation of
lymphocytes in culture presented some evidence tc support the possibility
that asthmatic symptoms of humans exposed to TDI may be an immunological
reaction mediated by lymphocytes.

The molecular structure of the isocyanates used in thes~ experiments
was quile different, Lhe only common tlhiing was the presence of isocyanate
group(s) (NCO). Bruckner, et al. noted that the isocyanate group attached
to various a'‘phatic and aromatic molecules was responsible for the chemical
reaction as well as the blological effects of the isocyanate compounds (8).
In our antigen preparation for gel diffusion, it was impossible to accurately
estimate the number of TDI haptens per molecule of BSA, since TDI reacted
with water. Probably TDI-BSA conjugates "ay not be the proper jmmunological
valence to elicit a precipitin reaction.
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DISCUSSION (Continued)

Several Investigators have demonstrated that the human immunoglobulin
class differs in its ability to sensitize animal skin. Human skin sensi-
tizing antibodies (reagens) reside in a unique immunoglobulin class thut has
been designated as TgE (23, 30, 37). These antibodies also sensitize monkey
skin and produce P-K and PCA reactions parallel to those found by direct test
(24, 28, 39), In contrast, the capacity to pascively sensitlze yulnea pig
skin 1s 1imited to certain subclass of Igd (71). Human precipitating anti-
bodies gave positive FCA reactions in guine: pigs but not in monkeys (11).
In the caso of respiratory allergy due to moth flies, antibody activity
was demonstrated in the patient's scrum by the direct skin test and rassive
transfer to human and monkey £kin, bit not Lo guinea pig skin (A0), In
these expoeriments, five workers who worked in a plant producing isocyanates
or related products ana who had asthmatic symptoms werc subjected to the PCA
test in the guinea pigs. The number of subjects was too rmall to draw a
definite explanation for the negative results, However, it cannot rule out
the posaibility that the negative results of the PCA test might be ascribable
to the human immunoglobulins which involved the bronchial asthmatic symp*~ms
but were unable to sensitize the guinea pig skin, Among the several factors
that might account for failure to obtain positive rcsults from the PCA test
with the nera from guinea pigs exposed to MDI, PAPI®, and Hylene® W, low
antibody titer was suspected because the guinea pigs were exposed to
relatively low atmospheric concentrations of isocyanates for n short period
of time. In order to clarify thioc question, anti-isocyanate hyperimmune
sera, which were obtained by topical skin application with isocymnates or
by intramuscular injection with isocysnates in incomplete Freund's adjuvant,
were used for the PCA test. OGuinea pig anti-TDI sera produced uniformly
positive reaclions of PCA, but negative results were obtained invariably

with other ant!-isocyanates sera.

It har hoen rcported that 507 of the asymtomatic individuals inhaling
organic dust antigens may develop serum precipitins to those materials
without developing any features of a hypersensitivity pncumonitis (b, 6 17,
20, 25. 55, 61, 03), In addition, precipitins and MDI serum antihodies
against known antigens tend to diminish or disappear with cessation of acute
disease =ctivity (20, 55). 1In view of these facts, an immunological test
should oe used only as confirmatory evidence, Obsermtion of workers after
naturus exposure Lo {socyanates must be considered to have a morc significant
value for nereening hypersensitivity,

Severnl atudics have reported ‘'ecreases in ventilatory function that
oceurred duriny Lhe symptomatic periol! in subjects suspected of respiratory
gensitizetion by ™I (%G, 69, €5). Some evidence for a cumulutlve cffect
was suggeated by measurements of forced expiratory volume in sccond (EFV )
far one week (59). Subsequently, the presence of a cumulative effect of TDI
on ventilatory cupuclty was contirmed afler follow-up studies among these
workers for nix months to two years (57, %8). In this study, the slight
elevation of airway resistance which occurred during sensitization with
Hylene®™ W and PAPT” might be attributable to a direct irritative effiect on
the air pannapen, A similar slight ventilstory udecrease was reported in
non-genzitized humans with isocyanaten following exposure to TDI and MDI (7).
Severu) chemical compounds were known to cause bronchospusm us u resull of
direct Irritation on the respiratory passages (21, ”4, h9), Conjectured
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DISCUUSSTON (Continued)

from the observaticn of the abrupt increase in airway resistance with TDI
chullenge, the presenc: of serum antibodies detected by the PCA test, and
the prominent exudative changes, as well as plasma cell infiltration in
the airways, TDI may be a potent chemical sensitizer causing asthmatic
pulmonary response, llowever, 1t should be mentioned that f:rther im-
munological studies are necessary to prove definitely whether or not

the serum antibodies demorstrated by the PCA test arc responsible for
respiratory hypersensitiv' . . Interpretation of the slight clevation
of the airway resistance * .uinea pigs following PAPI® challenge was
difficult because the ma..  ‘ude of alrway resistance was not as drastic
us thut seen in TDI challenge and because of the negative results with
the PCA test, In view of the marked obliterutive oronchiolitis, slight
ajrway resistance may be related to damaged air passages and direct
irritation rather than immunological reaction. Based on atmospheric
concentration of isocyanates In these experiments, it ls improper to
~ompare the results of airway resistance and pulmonary lcsions seen in
TDI exposure with other isocyanates because animalc were exposed to
different atmospheric concentrmtions, However, in terms of aerosol
sensitization, atmospheri: concentrations of other isocyanates weie high
enough to induce immunological reaction, since animals succumted tc the
exposure when the atmospheric concentration was raised in an attempl to
obtain hyperimmune sera by amerosul exposure.

To clarify whether negutive PCA rcactions of {socyanates,
other than TDI, were due to sensitization with lower atmospheric con-
centrations, rabbits and guinea pigs were hyperimmunized by intra-
muscular injection or topical skin application with the same amount of
isocyanates, The only positive PCA test reacticn was obtained from TDI
anticerum. All other isocyunate antisera produced a negative reaction.
From these results, one can rule out the possibility that the negative

PCA test was related to lower sensitizing concentrations of the isocyanates.

A possible explanation for the positive PCA reaction after TDI e::posure

is the relatively high concentration of NCO groups in TDI in comparison
with the other irfocyanates, Since the equivalent weight of TDI is
approximately 707 of the other isocyanates tested, the guiner pigs in the
TDI exposures received roughly 507 more NCO groups per weight of dose than
for the less volatile isocymnates. There is a difference, therefore, of

one to two orders of magnitude greater concentratlon of lsocyanate functlons

in the TDI experiments vs. the other isocyanates,.

Little is known reparding pulmonary responses to Immunological
reaction, Iliebow descuribed tb following pathological changes as criteria
Lo allergic vneumonills: extensive eosinophili reactions, plasma cell
infiltration, angitis or granulomatosis, and noncaseating granuloma such
ac sarcoidosis 7h1)., The asthmatic patients exhibited gamma globulins
I¥A, 5, andfor M deposits beneath the bronchial epithelium (1h, 15, 8),
Tn vatients with asthma, recent immunohistocheminal studies have shown
nonspecific localization of TsE. Tt wes impossible to distinguish the
skin test positive individual from the skin test negative individual on

the basis of the number of I[sF-containins mononuclear cells in the bronchianl

section (14), The luny can be part of uacute gencralized allergic reactions
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DISCUSSION (Continued)

characterized by exudaticn., The infiltration of PMN leucocytes occurred
in the early stages of allergic reaction in famer's lung (6). The
mononuclear cells, plasma cells and lymphocytes appeared in the latter
stage of the allerglc reaction.

After the T™DI challenge, the striking histological changes were
heavy infiltration of PMN leucocytes in the airways superimposed upon
changes of chronic obliterative bronchiolitis, and dense peribronchiolar
cuffing with plasma cells, The chronic bronchiolitis was probably
produced by consecutive sensitization exposure with TDI, amd subsequently
heavy PMN leucocytic infiltration was induced by challenge exposure.
Abundant exudate, mainly PMN leucocytes and damge in the airways appeared
to be partially responsible for the marked elevation of alrway resistance,.

KPL:1jm
April 16, 197k




CERTIFICATE OF AUTHENTICITY

THIS IS TO CERTIFY that the microimages appearing on this microiiche are accurate
and complets reproductions of the records of U.S. Environmental Protection Agency
- documents as delivered In the regular courae of business for mic

Data produced___¥

5 % W -

(Month)

Place Syracuse

(Day) (Year) Camera Operator

New York

(City)

(State) C‘
AVITEK

corp




